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(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively and easily 
produce a distributed density mask at a high production 
speed without requiring a special equipment. 
SOLUTION: A mask blank is divided into unit cells and 
light transmissive regions or light shielding regions of the 
respective unit cells are determined. The determined 
light transmissive regions or light shielding regions are 
disposed on each gird and necessary pattern forming 
frequency, focal depth and beam diameter are calculated 
by CAD(computer aided design) and converted into data. 
A sensitive material on the mask blank is multistage- 
patterned by prescribed frequency on the basis of the 
data under prescribed conditions (focal depth and beam 
diameter) and the mask blank is developed and rinsed to 
obtain a three-dimensional sensitive material pattern. 
The shape of the sensitive material pattern is 

transferred to a light shielding film by etching. ^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the concentration distribution mask used at the process for forming the 
photosensitive ingredient pattern of the three-dimensional structure on a substrate The field 
used for exposure is divided by the unit cell of a suitable configuration and magnitude without 
the clearance. A part of [ at least ] unit cells are equipped with the protection-from-light pattern 
set up so that the amount of light transmission or the amount of protection from light might 
serve as a value according to the height of the location where said photosensitive ingredient 
pattern corresponded. The protection-fronrHight pattern is a concentration distribution mask 
characterized by for light transmittance changing from the core of a unit cell toward the 
circumference, and having predetermined optical density. 

[Claim 2] Said protection-from-light pattern is a concentration distribution mask according to 
claim 1 from which the cross-section configuration of a light transmission part changes 
smoothly, and light transmittance is changing continuously. 

[Claim 3] In the concentration distribution mask used at the process for forming the 
photosensitive ingredient pattern of the three-dimensional structure on a substrate The field 
used for exposure is divided by the unit cell of a suitable configuration and magnitude without 
the clearance. A part of [ at least ] unit cells are equipped with the protection-from-light pattern 
set up so that the amount of light transmission or the amount of protection from light might 
serve as a value according to the height of the location where said photosensitive ingredient 
pattern corresponded, and the protection-from-light pattern divides a unit cell into a grid. The 
concentration distribution mask with which light transmittance in a grid is characterized by 
changing to discontinuity and having the predetermined amount of light transmission as the 
whole unit cell. 

[Claim 4] Said unit cell equipped with the protection-from-light pattern with which the amount of 
light transmission or the amount of protection from light was set up is a concentration 
distribution mask according to claim 3 with which it has the grid which has the light 
transmittance to which permeability is located in 0% and 100% of middle, a grid is arranged, and 
the synthetic amount of light transmission of a unit cell is controlled so that light transmittance 
changes to discontinuity within a unit cell, and halftone is realized. 

[Claim 5] In the manufacture approach of the concentration distribution mask used at the 
photoengraving-process process for forming the photosensitive ingredient pattern of the three- 
dimensional structure on a substrate Mask BURANKUSU by which the light-shielding film was 
formed on the transparence substrate, and the photosensitive ingredient film was further formed 
on it is prepared. Drawing to the photosensitive ingredient of said mask BURANKUSU is divided 
into the drawing process by the light or the electron ray covering the whole surface of multiple 
times. The manufacture approach of the concentration distribution mask characterized by being 
based on the multistage story exposure approach of setting up the count of drawing for every 
unit cell, according to the amount distribution of light transmission searched for based on the 
three-dimensional structure design value of the photosensitive ingredient pattern which it is 
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going to form, and the sensibility property of the photosensitive ingredient of said mask 
BURANKUSU. 

[Claim 6] The manufacture approach of a concentration distribution mask according to claim 5 of 
changing the focal depth for every drawing process of said drawing. 

[Claim 7] The manufacture approach of a concentration distribution mask according to claim 5 or 
6 of changing a beam diameter for every drawing process of said drawing. 
[Claim 8] The manufacture approach of a concentration distribution mask given in either of 
claims 5-7 which contain (E) from the following steps (A). 

The unit cell of a suitable configuration and magnitude divides without a clearance the field 
which should generate a concentration distribution mask. (A) Said amount distribution of light 
transmission, The step which determines the light transmission field or protection-from-light 
field of each of said unit cell based on the sensitivity curve which mathematized said sensibility 
property, (B) It is based on the light transmission field or protection-frorrHight field determined 
at the step (A). The depth of focus and the beam diameter in each drawing process are 
calculated in the count of drawing of each unit cell, and a list on CAD. It is based on the data 
called for by the data-ized step and the (C) step (B). the step which irradiates the 
photosensitive ingredient of said mask BURANKUSU and draws, the step which develops mask 
BURANKUSU after (D) exposure and forms the photosensitive ingredient pattern of the three- 
dimensional structure, and (E) — the step which imprints the photosensitive ingredient pattern 
to said light-shielding film by etching. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the concentration 
distribution mask (reticle) used in case goods with the shape of surface type of the three- 
dimensional structure are manufactured, and such a concentration distribution mask. The 
concentration distribution mask manufactured by this approach fits manufacture of the goods 
which have the shape of surface type of the detailed three-dimensional structure especially, and 
can mention the optic manufacture field, the micro-machining field, the display field for wall 
tapestry TV, the liquid crystal display field, the solar-battery manufacture field, etc. as a 
technical field applied, for example. 
[0002] 

[Description of the Prior Art] The special field configuration represented in the spherical surface, 
the aspheric surface, etc. is increasingly used for the refracting interface and reflector of an 
optical element. Moreover, the micro lens etc. is asked for the special field configuration in 
relation to the liquid crystal display component, the liquid crystal projector, etc. in recent years, 
then, as an approach of forming without depending a refracting interface and a reflector on die 
forming or polish The layer of a photoresist (example of representation of a photosensitive 
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ingredient) is formed in the front face of an optical substrate. It exposes through the 
concentration distribution mask which has two-dimensional permeability distribution to this 
photoresist layer. A convex configuration or a concave surface configuration is acquired as the 
shape of surface type of a photoresist by development of a photoresist. By performing 
anisotropic etching after an appropriate time to a photoresist and an optical substrate, carving 
and carrying out the copy of the shape of surface type of a photoresist to an optical substrate, 
and imprinting it to it Acquiring the configuration of the refracting interface of the desired three- 
dimensional structure or a reflector on the front face of an optical substrate is known (see JP,7- 
2301 59,A and the Patent Publication Heisei No. 504515 [ eight to ] official report). 
[0003] There, the concentration distribution mask (gradation mask (GM)) in which transmission 
had the two-dimensional transmission distribution which changes gradually corresponding to the 
shape of surface type as a concentration distribution mask used in order to acquire the shape of 
special surface type of the three-dimensional structure of a refracting interface, a reflector, etc. 
is used. 

[0004] With the concentration distribution mask indicated by the Patent Publication Heisei No. 
504515 [ eight to ] official report, in order to form the pattern of two-dimensional permeability 
distribution, it divides into the unit cell which calls a mask pattern optical transfer opening, and it 
is set up so that the opening dimension of each unit cell may serve as the amount of light 
transmission or the amount of protection from light according to the height of the location where 
the photoresist pattern which it is going to form corresponded. The permeability of the field 
whose permeability of light it is constituted by two kinds, the field whose permeability of light, as 
for the light-shielding film pattern of the unit cell, a light-shielding film exists, and is 0%, and the 
field whose permeability of light there is no light-shielding film and is 100%, and is 0%, and light is 
arranged so that the field which is 100% may be mutually brought near by the one direction and it 
may become one lump, the wavelength of the light which uses the lower limit of a light-shielding 
film pattern for exposure — short — **** — it needs — it is overly a detailed pattern. 
Moreover, the drawing approach by electron beam (EB) exposure is taken as the manufacture 
approach. 

[0005] The manufacture approach of the concentration distribution mask by changing the 
amount of light transmission in a unit cell is indicated by JPJ-2301 59,A by changing the laser 
light exposure quantity of light at the time of drawing within a unit cell. 
[0006] 

[Problem(s) to be Solved by the Invention] There are the following problems in the concentration 
distribution mask indicated by the Patent Publication Heisei No. 504515 [ eight to ] official 
report. 

** EB drawing takes great time amount. That is, concentration distribution mask manufacture 
takes a great effort and cost. 

** Since detailed drawing is overly required, the expensive drawing equipment of dedication is 
required. 

** If the manufactured concentration distribution mask is used, a level difference will be exposed 
by the photosensitive ingredient between a field with a light-shielding film, and the field which is 
not, and it will not become a smooth configuration. 

** Since the light-shielding film pattern is overly detailed, the light at the time of contraction 
exposure tends to start diffraction, and the adjacent effect between unit cells arises. Therefore, 
many know-how are recording is required. 

[0007] As compared with invention indicated by the Patent Publication Heisei No. 504515 [ eight 
to ] official report, since the dedicated device is unnecessary, the manufacture approach of a 
concentration distribution mask given in JP,7-230159,A has the merit of the diffraction of light 
with few adjacent effects which can be manufactured by low cost in a short time and which can 
manufacture a smooth configuration not arising. However, the new program for carrying out the 
power modulation of laser for every unit cell needs to be required for this approach, and it needs 
to synchronize this program and a drawing configuration program. Moreover, the pattern 
configuration of drawing is restricted to the circle configuration. 

[0008] then — without permeability needs special equipment for the concentration distribution 
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mask which has the concentration distribution which changes smoothly, and such a 
concentration distribution mask that this invention should solve the trouble of the above- 
mentioned conventional example — cheap — and — easy — a manufacture rate — it aims at 
offering the manufacture approach which can be manufactured quickly. 
[0009] 

[Means for Solving the Problem] the field which use the concentration distribution mask of this 
invention at the process for form the photosensitive ingredient pattern of the three-dimensional 
structure on a substrate , and be use for exposure be divide by the unit cell of a suitable 
configuration and magnitude without the clearance , and a part of [ at least ] unit cells be equip 
with the protection from light pattern set up so that the amount of light transmission or the 
amount of protection from light might serve as a value according to the height of the location 
where said photosensitive ingredient pattern corresponded . Light transmittance shall change 
from the core of a unit cell toward the circumference, and the protection-fronrHight pattern 
shall have predetermined optical density. If it is made the protection-from-light pattern to which 
light transmittance changes from the core of a unit cell toward the circumference, the 
effectiveness of being easy to predict the effect of the adjacent effect of the approaching unit 
cell, and the effectiveness that there is little diffraction of light can be attained. 
[0010] As for a protection-from-light pattern, it is desirable that the cross-section configuration 
of a light transmission part changes smoothly, and light transmittance is changing continuously. If 
it exposes using the concentration distribution mask equipped with such a protection-from-light 
pattern, a level difference will not be formed in a photosensitive ingredient and it will become a 
smooth configuration. Moreover, there are also few adjacent effects between unit cells, without 
the light at the time of contraction exposure starting diffraction, since [ whose a light-shielding 
film pattern is exposure wavelength extent ] it does not need to be overly detailed. 
[001 1] Moreover, a unit cell shall be divided into a grid, the light transmittance in a grid shall 
change to discontinuity, and the protection-fromHight pattern shall have the predetermined 
amount of light transmission as the whole unit cell. In that case, when the grid which has the 
light transmittance located in 0% and 100% of middle is arranged, light transmittance changes to 
discontinuity and light transmittance controls the synthetic amount of light transmission of a unit 
cell, it is desirable that halftone can be acquired now. 

[0012] The description of the concentration distribution mask of this invention is to, control the 
amount of transparency of light on the whole, in order to form a desired configuration. Therefore, 
the protection-from-light pattern may be changing continuously and may be changing 
nonsequetially. Since the dimension of a grid can be made small, it becomes possible to arrange 
the grid which has middle permeability in discontinuity (for example, random) as the approach of 
arrangement. Moreover, a grid with the same permeability can also be arranged as massive. If 
this method is advanced, it will become the continuous concentration distribution arrangement. 
The grid part has pointed out the part on the scanning line by the laser beam or the electron ray 
(EB). One unit of a grid is the product of the distance which scans the diameter of the beam of 
laser or an electron ray in the minimum time amount which carries out ON/OFF. For example, in 
the beam diameter of 0.2 micrometers, and the scan distance of 0.2 micrometers at the time of 
ON/OFF, a unit grid is 0.2micrometerx0.2micrometer. 

[0013] If it is used not only at the concentration distribution mask indicated above but at the 
process for forming the photosensitive ingredient pattern of the three-dimensional structure on 
a substrate, let altogether the concentration distribution mask manufacture approach of this 
invention be the object. Mask BURANKUSU by which the light-shielding film was formed on the 
transparence substrate, and the photosensitive ingredient film was further formed on it in this 
invention is prepared. Drawing to the photosensitive ingredient of mask BURANKUSU is divided 
into the drawing process covering the whole surface of multiple times. According to the amount 
distribution of light transmission and the sensibility property of the photosensitive ingredient of 
mask BURANKUSU which were searched for based on the three-dimensional structure design 
value of the photosensitive ingredient pattern which it is going to form, a concentration 
distribution mask is manufactured by the multistage story exposure approach of setting up the 
count of drawing for every unit cell. 
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[0014] If it states more concretely, a desired three-dimensional structure design will be 
performed separately. A concentration distribution mask is manufactured based on this design. 
Specifically according to the amount distribution of light transmission of the unit cell by the 
sensibility property of the photosensitive ingredient on mask BURANKUSU, and desired 
geometric design, the count of drawing by the laser or the electron ray which irradiates a 
photosensitive ingredient directly is set as a multistage story. There is an important thing here, 
saying "the count of drawing is set as a multistage story", "it means that the laser or the 
electron ray which scans the unit-cell top to observe passes two or more times. That is, since it 
means only carrying out multiplex writing to the flume which sets up the count of drawing, 
special actuation is not needed. 

[0015] Although the count (frequency) of multiplex writing changes with classes of 
photosensitive ingredient, since the resist of a drawing part is removed in development, for 
example in POJIREJISUTO, it exposes many grid parts which want to make [ many ] the amount 
of light transmission. In drawing of each time, when a laser beam or an electron ray beam scans 
a mask BURANKUSU top, the whole surface is irradiated. Although it is natural, in 
NEGAREJISUTO, many grid parts of protection from light are exposed. This control is controlled 
by "the count of drawing", and "Drawing ON and OFF" for every grid. Although it is thought that 
many efforts are required, controlling by "the count of drawing", and "Drawing ON and OFF" 
Electrically the point whose high-speed beam scan will be attained if it is low power, and Drawing 
ON and OFF by the easy program A point controllable highly precise, Electrically, from the point 
that modification is easy, this control is very easy and focal repositioning (depth modification) 
and changing the point which can be set up easily electrically, and the beam diameter at the time 
of an exposure can also be drawn at a high speed. 
[0016] 

[Embodiment of the Invention] The concentration distribution mask manufacture approach of this 
invention is equipped with the following steps as shown in drawin g 1 . 

(A) The step which divides mask BURANKUSU into a unit cell (step S1). That is, from a desired 
three-dimensions configuration, mask BURANKUSU is divided in the shape of a grid, and the 
array design of the 2-dimensional optical intensity-distribution pattern of the concentration 
distribution mask which it is going to obtain is carried out at the shape of a grid. 
[0017] (B) The step which determines each light transmission field or protection-from-light field 
of a unit cell based on the mathematized "sensitivity curve" which is determined from the 
sensibility of processing process conditions and a photosensitive ingredient (step S2). 
(C) The step which calculates the count of drawing required of CAD (Computer Aided Design), 
the depth of focus, and a beam diameter by arranging the light transmission field or protection- 
from-light field by which a decision was made [ above-mentioned ] to "each grid", and is data- 
ized (step S3). 

[0018] (D) The drawing step to which only a count predetermined on predetermined conditions 
(the depth of focus, beam diameter) carries out a large number (multistage story) time drawing of 
the photosensitive ingredient on mask BURANKUSU based on the data of a step (C) (the count 
of drawing is changed by the unit cell) (step S4). This step carries out multistage story drawing 
drawing 2 (a) - (d) So that it may be shown. Here, the case where it draws in 4 steps as an 
example is shown, and when only the required count of the 4 times of inside draws, the amount 
of light transmission of the unit cell is determined. Drawing shown in the topmost part as (A) is a 
drawing pattern at the time of drawing these 4 times of all. 

[0019] Drawing of each time meets the scanning line as shown in the upper right of drawing 2 by 
the arrow head, scans a light beam or two or more electron ray beams sequentially simultaneous, 
and is performed by controlling "Drawing ON and OFF" for every grid. It is set up so that 
drawing fields may differ in each time. 

[0020] The light transmittance change in a unit cell "may change from a core toward the 
circumference", and "a unit cell may be divided into a grid and light transmittance may change to 
discontinuity in the grid." Light transmittance can arrange to a grid "the part which has middle 
permeability" which shows 0% and 100% of middle value. That is, the part which has middle 
permeability like the light transmittance which shows 0% and 100% of middle value, for example, 



file://E:¥JPOEn¥JP-A-2002-1 39824.html 



2007/06/20 



JP-A-2002-1 39824 



7/20 s<—V 



30%, 50%, and 70% can be arranged. 

[0021] Since the dimension of a grid can be made small, it becomes possible to arrange the grid 
which has middle permeability in discontinuity (for example, random) as the approach of 
arrangement. Moreover, a grid with the same permeability can also be arranged as massive. If 
this method is advanced, it will become the continuous concentration distribution arrangement. 
In this case, since ** middle gradation can be taken very finely, a unit-cell dimension can be 
made small by leaps and bounds. ** Therefore, a desired configuration can form gradation in the 
configuration which changes rapidly, i.e., the sudden configuration of inclination, easily. ** There 
is an advantage of being able to equalize a contiguity eel and the amount of circumference lumps 
of light by carrying out a random location. 

[0022] The example to which light transmittance arranges "the part which has middle 
permeability" which shows 0% and 100% of middle value to a grid is shown in drawing 5 . Here, 
the one-side 1 -micrometer unit cell was divided into the 0.2-micrometer one-side eel of 5x5=25. 
for example, the case where five steps of light transmittance parts, white, black, 30%, 50%, and 
70%, have been arranged — all — white — or, in the case of black, since gradation cannot 
become, it is all 4 gradation in this case. Therefore, it is 4= 25x100 gradation theoretically. That 
is, in n steps of concentration change, it is n-1 gradation. Moreover, gradation changes with 
numbers of partitions (the number of grids) of a unit cell. In the upper example, it is grid number 
x(n-1) =25x4=100. The light transmittance of a grid and the relation of gradation were set up as 
shown in the lower table 1. 



mi) 

ioo% <eo o 

7 0% 1 

5 0% 2 

30% 3 

0% (SO 4 



[0023] Drawing 5 shows light transmittance arrangement of the unit cell of (A)30/100 gradation, 
and the unit cell of (B)60/100 gradation. It is drawing 5 (D) which (C) showed the example which 
combined 0/100 gradation, 30/100 gradation, and 60/100 gradation, and showed the number of 
gradation of each grid numerically. In addition, the example of drawing 5 is the case where 
generated the random number and light transmission concentration distribution is formed in each 
grid address. 

[0024] (E) The step which carries out mask BURANKUSU drawn at the step (D) development 
and a rinse, and obtains the photosensitive ingredient pattern of three dimensions (step S5). 
Although the cross-section configuration of the photosensitive ingredient pattern obtained at 
this step becomes like drawing 3 (1) as a concept, the cross-section configuration of the 
photosensitive ingredient pattern after actually developing negatives becomes a thing with the 
thickness distribution which continued as shown in drawing 3 (2). The notional sectional view of 
the photosensitive ingredient with which the mask BURANKUSU ingredient substrate was 
patternized for 12, and a light-shielding film (for example, Cr film) and 16a were patternized for 
14 by drawing 3 , and 16 are the sectional views of the photosensitive ingredient pattern after 
development. 

[0025] (F) The step which imprints a photosensitive ingredient pattern configuration to a light- 
shielding film 14 by dry etching or wet etching after that (step S6). The cross-section 
configuration of the light-shielding film pattern 14 obtained at this step becomes a thing with the 
thickness distribution which continued like drawing 3 (3). 

[0026] It consists of a process which carries out contraction exposure on the substrate to which 
a photosensitive ingredient was applied with a contraction optical-system exposure machine 
using that concentration distribution mask in order to have manufactured the goods of the 
three-dimensional structure using the obtained concentration distribution mask, a process which 
develop and carry out the rinse of the exposed photosensitive ingredient, and form the 
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photosensitive ingredient pattern of the three-dimensional structure, and a process which 
imprint a pattern to the above-mentioned substrate by the dry-etching method by using this 
photosensitive ingredient pattern as a mask. Moreover, in case it exposes at the above- 
mentioned contraction exposure process, the thing in the condition that the focus separated 
from the photosensitive ingredient layer front face to defocus (focal BOKASHI) is effective. 
[0027] The optical density (optical DIN SHICHII: OD value) of the exposure beam of light which 
penetrates a unit cell as compared with the view of the unit cell in the concentration distribution 
mask indicated by the Patent Publication Heisei No. 504515 [ eight to ] official report (quotation) 
in this invention is designing the count of drawing, exposure power, photosensitive ingredient 
layer thickness, light-shielding film (for example, Cr film) thickness, and a dry etching selection 
ratio so that it may become the same, namely, drawing shown in the right-hand side of drawing 4 
by this invention to light transmittance changing the amount of light transmission in digital one 
by 0% and 100% of light-shielding film by the approach of a quotation as shown in the chart on 
the left of drawing 4 — like — the amount of light transmission — being continuous (it becoming 
the thickness distribution which continued by development as drawing 3 explained, although 
shown stair-like by a diagram.) — it is made to change This continuous amount change of light 
transmission is realized by changing the cross-section configuration (thickness distribution of a 
photosensitive ingredient) of the photosensitive ingredient after drawing with the sensibility of 
the count of drawing at the time of drawing, exposure energy, and a photosensitive ingredient. In 
drawing 4 , the bottom is the top view of a unit cell and the bottom is a sectional view. 
[0028] As the light transmittance change in a unit cell "may change from a core toward the 
circumference" like the example of drawing 3 and was shown in drawing 5 , "a unit cell may be 
divided into a grid and light transmittance may change to discontinuity in the grid." 
[0029] Thickness change of the above photosensitive ingredient layer is imprinted to the light- 
shielding film under it (for example, Cr film) by dry etching. According to this process, change of 
the above-mentioned exposure conditions turns into change of the thickness difference of a 
light-shielding film, i.e., change of the amount of light transmission, and it appears. 
[0030] The simulation prepared separately beforehand determines the above-mentioned count of 
drawing and exposure energy. That is, beforehand, relation between light-shielding film thickness 
and the amount of light transmission is graph-ized, and is mathematized. And the amount of 
optical density of each unit cell is determined that the set of the amount of light transmission of 
a unit cell (O. D.) will express a desired configuration, and distribution of the amount of light 
transmission is set up from a core so that it may become subsequently to the optical density. 
Thus, when setting up the amount of light transmission from the core of a unit cell, the amount 
distribution of light transmission which changes continuously from a core can be manufactured. 
Moreover, the amount distribution of light transmission which changes to discontinuity can also 
be manufactured. By arrangement of a grid with in-between light transmittance, by the 
discontinuous amount distribution of light transmission, random arrangement can also be 
performed, and it can arrange so that it may become a lump, and it can also arrange so that it 
may continue partially. It becomes a continuous change when changing from a core or the 
circumference to an one direction. 

[0031] troubles, like the diffraction of ** light from which a manufacture configuration differs 
with the sense (or the light transmission part is arranged also for the same pattern where : 
are they facing the right or facing the left also in the same configuration?) of ** pattern 
arrangement which ** adjacent effect (surroundings lump of light) with high cost produces which 
requires ** manufacture time amount which is the greatest fault of the quotation approach by 
the above is large, and prediction of the amount of diffraction is difficult are solvable, without it 
needs special equipment for the mask which has the concentration distribution which changes 
continuously if the manufacture approach of this invention is used — cheap — and — easy — a 
manufacture rate — it becomes it is quick and possible to manufacture. 
[0032] 

[Example] (Example) 

(The configuration of the configuration in a unit cell, arrangement and "light transmission", and 
an "optical protection-from-light" grid, and arrangement) The configuration of the configuration 
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in a unit cell, arrangement and "light transmission", and an "optical protection-frorrHight" grid 
and arrangement are explained. The example shown below shows a typical example, and the 
dimension of a unit cell, the dimension of a grid, a location, a dimension of a radix point, etc. 
should not be designed corresponding to a desired configuration, and are not limited to this 
example. That is, since the number of gradation is determined with the dimension of each unit 
cell and a grid, the purpose configuration and the purpose gradation determine these dimensions. 

[0033] The example which manufactures the round shape-like pattern which penetrates light at 
the core of a polygonal unit cell as an example of representation in the case of changing a unit- 
cell configuration was shown in drawing 6 . This polygon configuration determines a configuration 
by "the approach of covering and putting a polygonal network from the upper part when a 
desired configuration is seen from above." When a gently-sloping curved surface continues, for 
example, corresponding to a desired configuration, and it consists of discontinuous fields, the 
optimal configuration can be determined by choosing "the most effective polygon" which 
discovers a concentration distribution mask property, and "its combination" by the variation of 
gradation. Moreover, it is determined by minutely [ how much ] the dimension of a unit cell takes 
required gradation to a desired configuration similarly. That is, when much gradation is needed in 
a short distance, it is desirable to choose the unit cell of a comparatively small dimension and to 
make a grid dimension (for it to be able to change easily by modification of a beam diameter) as 
small as possible. 

[0034] The example of unit-cell arrangement of the concentration distribution mask of MLA 
(micro-lens array) was shown in drawing 7 . Here, the example of the combination pattern of the 
unit cell arranged to a part for a core is shown. The example of the combination pattern of the 
unit cell which arranges (a) to a part for a core, and (b) show the example of the combination 
pattern of the unit cell arranged into a circumference part. The unit cell is shown by the 
continuous line and, as for the arrow head of a broken line, all show that the unit celt is arranged 
also in the direction. 

[0035] Since (a) arranges near the core of MLA, a desired configuration is a gently-sloping 
curvilinear configuration. For this reason, the number of gradation is not needed so much. 
Therefore, it constituted from a comparatively large unit cell of a dimension, and the unit cell is 
arranged in the shape of a radiation. 

Since (b) arranges into a circumference part, a desired configuration is a curved-surface 
configuration which changes rapidly. For this reason, the number of gradation needs many. 
Therefore, it is necessary to constitute from a unit cell with a small dimension, and to also make 
a dot dimension small as the four corners of MLA are approached. Moreover, it is made easy to 
cope with the adjacent effect of the amount of light transmission by not only a square but a 
triangular thing's also arranging the configuration of a unit cell, and changing the location of the 
dot within a unit cell. 

[0036] Drawing 8 indicates how to change the amount of light transmission, or the amount of 
protection from light to be the difference in the location of the initial pattern used as the origin 
of the increment in the light transmission field in a typical unit cell, or a protection-frpm-light 
field, or reduction. In all, the outermost square expresses a unit cell, and the inside square 
expresses the light transmission field or the protection-from-light field, respectively. Here, the 
arrangement which has an origin in the center of a unit cell is expressed. At (A), there is an 
origin in the center of a unit cell and it expresses that the origin is arranged at either of the four 
corners with (B). 

[0037] Drawing 9 shows the example to which opening (part without Cr) which penetrates light is 
made to increase. Although especially explanation is not given, it is also the same as when 
decreasing light transmission area. Drawing 9 (a) shows the example of being the approach of 
increasing area from a core spirally. This example shows the example of representation of the 
increment approach of the dot from a certain unit-cell No. Moreover, a certain typical increment 
approach or typical reduction approach per dot is shown. Therefore, and polygons, such as a 
rectangle and a triangle, are [ the dimension or dot dimension of an initial square configuration 
which have been arranged at the core of a dot shown here may not be limited to a square by this 
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invention, and ] sufficient as them. Moreover, the circle configuration which contains elliptical 
with a natural thing is sufficient. Drawing 9 (b) shows the example in case a unit cell is a forward 
hexagon. In this case, the dot shown in the slash section is a circle, and the amount of 
transparency or the amount of protection from light changes by changing that magnitude. 
[0038] Although it is various when the case where it is the value of a proper at equipment, and 
modification are possible for the diameter of a laser beam and electron ray beam diameter at the 
time of drawing, although not shown in drawing, it can change with every equipment 
fundamentally. By changing the current value and aperture which carry out a seal of approval in 
the case of laser, modification is possible by changing acceleration voltage in the case of 
electron beam lithography. The optimal beam diameter is determined from the dimension of a 
desired configuration, precision, the number of gradation, etc. using this. It is in the inclination 
which requires time amount for drawing, so that it is thin, although the one where a beam 
diameter is thinner is fundamentally good. 

[0039] Moreover, the focal depth at the time of drawing has the deep relation between a beam 
diameter or a cross-section configuration. When a beam diameter is large, modification of the 
focal depth is not so important, but it becomes important in being thin. It becomes possible to 
smooth a cross-section configuration by changing the focal depth. A cross-section 
configuration, a sensitivity curve, etc. are input data at the time of an input, and it opts for 
modification of the focal depth at the time of a design. 

[0040] (Design of a concentration distribution mask) The example of the minute pitch MLA which 
brought contiguity spacing of a micro lens close to zero infinite is shown. MLA for liquid crystal 
projectors — setting — 0.9" — the pixel size for -XGA is 18micrometerx18micrometer. In this 
MLA, when the lens agenesis section every 1 micrometer each is in the both sides of a lens, 
even if it becomes a 1 7micrometerx1 7micrometer micro-lens field, the MLA area occupied in the 
whole area is set to 17x17/18x18=289 / 324= 0.892 and it can condense all light effectively by 
MLA, it cannot but be 89% of condensing effectiveness. That is, it is important for raising 
efficiency for light utilization to make area of the agenesis section of MLA small. 
[0041] When using a stepper (contraction) 1/5 time, specifically, the actually manufactured 
concentration distribution mask reticle pattern dimension is 90micrometerx90micrometer. This 
one MLA is divided into a 3.0-micrometer unit cell, and it divides into the unit cell of vertical x 
horizontal =30x30(individual) =900 (individual). 

[0042] Next, to the 2x2 unit cell (a concentration distribution mask concentration distribution 
mask top 6micrometerx 6 micrometers and an actual pattern 1 .2micrometerx 1.2 micrometers) of 
a center section, eel No.1 No. (all chromium remainder) is arranged. Moreover, a lens four- 
corners part arranges eel No.80 No. (with no chromium remaining part). The "opening area" 
corresponding to ** "gradation" is made to correspond to the eel of No. 1 -No.80 in the 
meantime. This relation is relation obtained from an exposure process and a resist sensitivity 
curve. Of course, if a resist ingredient differs from a process, it is necessary to grasp a 
sensitivity curve each time. Thus, the CAD data of an MLA concentration distribution mask 
concentration distribution mask are created. In this example, the CAD program was 
manufactured using the formula from the relation between a sensitivity curve, Cr film thickness, 
and light transmittance. 

[0043] (Manufacture of a concentration distribution mask) Laser light was irradiated using the 
laser light irradiation device (Ricoh optical incorporated company make) which shows the CAD 
data created as mentioned above to drawing 10 , and it drew into the resist ingredient. In this 
laser light exposure, the optimal shape of beam can be determined according to a desired 
configuration, and a polygon configuration, a circle configuration, etc. can be orthopedically 
operated by aperture. Moreover, laser power may change the current value supplied to laser, or 
may insert and change an extinction filter into an optical outgoing radiation side. 
[0044] The laser light irradiation device shown in drawing 10 With the optical modulator 4 and the 
signal from a data bus which modulate the laser light bent by the beam splitter 2 which divides 
the laser light from laser light oscillation equipment 1 and laser light oscillation equipment 1 into 
two or more laser light, the mirror 3 which bends the optical path of laser light, and the mirror 3 
An optical modulator 4 is controlled. ON-OFF of each laser light The laser light from the light 
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modulation control unit 5 to control and an optical modulator 4 The optical deflector 6 and laser 
light to deflect It consists of main component parts, such as the objective lens 7 for condensing 
in a resist ingredient layer, X-Y stage 8 which moves laid mask BURANKUSU in the direction of 
X, and the direction of Y, and the control unit 9 which controls actuation of an optical deflector 
6, and actuation of X-Y stage 8 in a list. 

[0045] This laser light irradiation device draws a desired mask pattern in the resist ingredient 
layer of mask BURANKUSU by controlling actuation of X-Y stage 8, ON-OFF of each laser light, 
and a deviation according to a design data. That is, pattern formation is performed two- 
dimensional so that laser light may be irradiated with this laser light irradiation device at a resist 
ingredient layer and it may become permeability distribution of a request of a light transmission 
field or a protection-fronrHight field for every unit cell. Moreover, the substrate surface height 
detector (AF function) is attached, and the focal location is changed by shifting slightly from AF 
side. 

[0046] The diameter of a laser beam was performed at this example in the diameter of 0.2 
micrometers, the alignment accuracy of 0.05 micrometers, and the focal location precision of 0.1 
micrometers. Once not making a gradual change of the laser power at the time of drawing but 
exposing the whole completely by about 1/4 power low exposure power, according to a design, a 
still more nearly required part is piled up with 2 times, 3 times, and 4 times, and is exposed 
(multistage story drawing). By this, control of the energy at the time of exposure and the depth 
of a photosensitive ingredient are changed. In addition, a unit-cell configuration and a grid 
configuration should just choose a suitable thing with the target product. 

[0047] It exposed to mask BURANKUSU by the predetermined approach, having installed in the 
laser light irradiation device which showed the CAD data created as mentioned above to drawing 
10 , and controlling ON-OFF and the beam exposure location, and the count of drawing of an X- 
Y stage and laser light. And development and a rinse were performed by the predetermined 
approach and patterning of the resist ingredient layer was carried out. Then, patterning of Cr film 
was performed in dry etching. Repeatability higher than the electron-beam-lithography approach 
can be acquired by controlling the count of beam drawing using the laser-beam drawing 
approach. When a drawing field is circular, the laser-beam drawing approach can acquire very 
high repeatability, when the diameter of a drawing field is 0.2 micrometers or more, if the 
diameter of a drawing field becomes smaller than 0.2 micrometers, repeatability will worsen, but if 
the dimension of a drawing field becomes smaller than 0.5 micrometers, compared with 
repeatability worsening, repeatability is markedly alike and excellent in the electron-beam- 
lithography approach. However, in this invention, laser or electron beam lithography is also 
realizable. 

[0048] It depends for prediction of an "adjacent effect" on the configuration and the 
concentration change approach of a unit cell. Since a unit-cell configuration can draw correctly 
by the dot of a circle configuration in the case of a square or a rectangle, an adjacent effect can 
be predicted by count. By the following examples, the CAD program was created for the dot 
configuration using the circle configuration (method which increases the laser light exposure part 
from the core to concentric circular). Thus, the concentration distribution mask concentration 
distribution mask which has the target opening dimension and has concentration distribution was 
manufactured. 

[0049] (Example of concentration distribution mask manufacture) 

Manufacture of MLA for liquid crystal: In manufacturing a concentration distribution mask 
concentration distribution mask, TGMR-950BE (Tokyo product of Adaptation) of a positive- 
resist ingredient was used as a resist ingredient which is a photosensitive ingredient. The 
concentration distribution mask should consist of unit cells divided into the square, and the 
amount of light transmission or the amount of protection from light in each unit cell should be 
controlled. Of course, what is necessary is to decide the optimal unit cell according to a desired 
configuration, and just to manufacture by the optimal dot. Here, in order to simplify explanation, a 
square explains. The control approach of the amount of light transmission has an approach to 
put control of **Cr opening area, control of **Cr thickness, ****, and ** together. Here, the 
approach of ** was adopted. 
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[0050] The concentration distribution mask unit-cell arrangement for manufacturing a desired 
configuration by the design simulator designs from data, such as "the removal thickness 
(thickness which remains is sufficient) relation between unit-cell pattern No. and a 
photosensitive ingredient", "relation between Cr film thickness and the amount of light 
transmission", "removal thickness (the thickness which remains is sufficient) of the count of 
drawing, and a photosensitive ingredient", "the optical density and Cr pattern", "the optical 
density, Cr thickness distribution", etc. currently prepared separately. 
[0051] In order to manufacture a concentration distribution mask, on a transparence glass 
substrate, Cr film of for example, 150nm thickness is formed, and the above-mentioned resist 
ingredient is applied on it. It drew by using the laser light irradiation device of drawin g 10 for the 
resist ingredient, and irradiating laser light. Then, by forming a mask pattern in a resist ingredient 
layer through development and a rinse, and carrying out dry etching of the Cr film by using the 
resist pattern as an etching mask, Cr film was patternized and the concentration distribution 
mask was manufactured. 

[0052] As were shown in drawing 3 (3), and the unit cell which light transmittance change is 
following showed the whole surface at a list, the thing which carried out concentration 
distribution as a whole, or drawing 5 , the unit cell whose light transmittance change of a grid is 
random arrangement is located in a line with the whole surface, and the done concentration 
distribution mask carries out concentration distribution as a whole. 

[0053] If it exposes using such a concentration distribution mask, as shown in drawing 1 1 , there 
will be little optical intensity distribution of the transmitted light in the center section, and they 
will become the configuration which increases in a periphery. Therefore, if the photosensitive 
ingredient of a positive type is exposed using this concentration distribution mask, the cross- 
section configuration of the photosensitive ingredient pattern obtained after development will be 
thick in the center section, and will turn into convex [ which became thin by the periphery ]. 
[0054] (Example 1 of the minute dimension MLA manufacture for liquid crystal) It exposes using 
the contraction projection aligner (1/5 stepper) shown in drawing 12 using the concentration 
distribution mask concentration distribution mask of the above-mentioned minute dimension 
MLA manufacture for liquid crystal, a resist pattern is formed, and the example of MLA for liquid 
crystal projectors which imprinted and manufactured it in the charge of optical device material is 
described. 

[0055] First, the contraction projection aligner is explained. It is condensed with a condenser 
lens 31 and the light from the light source lamp 30 irradiates the mask 32 for exposure 
manufactured by this invention. Incidence of the light which penetrated the mask 32 is carried 
out to the image formation lens 33 of a contraction scale factor, and it carries out image 
formation of the contraction image of a mask 32, i.e., the contraction image of permeability 
distribution, to the front face of the charge 37 of optical device material laid on the stage 34. 
The stage 34 in which the charge 37 of optical device material was laid can be displaced to the 
2-way which intersects perpendicularly mutually, and has come to be able to carry out alignment 
of the location of the charge 37 of optical device material to the optical axis of the image 
formation lens 33 according to an operation of step motors 35 and 36 in the field which 
intersects perpendicularly with image formation lens 33 optical axis. 

[0056] The photoresist layer front face of the charge 37 of optical device material is made to 
carry out image formation of the contraction image of the mask 32 with the image formation lens 
33. This exposure is densely performed over the whole surface of the charge 37 of optical device 
material. In order to manufacture MLA for liquid crystal projectors, the neo SERAMU substrate 
was prepared and the above-mentioned TGMR-950BE resist was applied to the thickness of 
8.56 micrometers on this substrate. Next, with the hot plate, it prebaked in BEKU time amount 
180 seconds at 100 degrees C. 

[0057] This substrate was exposed by 1 /5 stepper of drawing 12 . Exposure condition ** to the 
following **s were performed continuously. 

** defocusing: — +4-micrometer and optical dose:390mWx 0.44-second ** defocusing: — +2- 
micrometer, optical dose:390mWx0.44 second ** defocusingi+Omicrometer, and optical 
dose:390mWx — on this condition, comprehensive light exposure is optical dose [ of 390mW ] x 
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1.02 seconds (illuminance: 394m J) for 0.13 seconds. The sign of + of a display here of the 
amount of defocusing means that a focus is above the resist front face. 

[0058] PEB (postexposition jar BEKU) was carried out for 180 seconds at 60 degrees C after 
exposure by this condition. Subsequently, the development of a photosensitive ingredient and a 
rinse were performed. Then, vacuum suction was carried out for ultraviolet rays with Mitsuteru 
putting for 180 seconds with ultraviolet curing equipment, and hardening of a resist was 
performed. Ultraviolet curing equipment carries out the optical exposure of the wavelength which 
can stiffen a resist with short wavelength rather than the wavelength used for exposure of a 
resist. The plasma-proof nature of a resist improves and can be equal now to processing at 
degree process with this actuation. The resist height at this time was 7.5 micrometers. The 
configuration was able to be manufactured according to the effectiveness of defocusing, without 
producing a special level difference. 

[0059] then, the above-mentioned substrate was set in the TCP (inductive-coupling mold 
plasma) dry etching system, and dry etching was performed under conditions (degree of 
vacuum:1.5x10-3Torr, CHF3:5.0sccm, CF4:50.0sccm, O2:15.0sccm, substrate bias power:600W, 
up electrode power:1.25kW, and substrate cooling temperature:-20 degree C). Moreover, at this 
time, substrate bias power and up electrode power were changed with time, and it etched, 
changing so that a selection ratio may become small with time amount change. Although the 
average etch rate of a substrate was a part for 0.67-micrometer/, actual ETCHINNGU time 
amount required 1 1 .0 minutes. The lens height after etching was 5.3 micrometers. 
[0060] (Example 2 of the minute dimension MLA manufacture for liquid crystal) Here, MLA of an 
aspheric surface configuration was manufactured. It carried out by changing the exposure 
conditions in stepper equipment using the same concentration distribution mask concentration 
distribution mask as the example 1 of the above-mentioned minute dimension MLA manufacture 
for liquid crystal. Exposure condition ** to the following **s were performed continuously. 
** defocusing: — +3-micrometer, optical dose:390mWx0.1 6 second ** defocusing:+2micrometer, 
and optical dose:390mWx 0.23-second ** defocusing: — +1 -micrometer, optical 
dose:390mWx0.23 second ** defocusing:+0micrometer, and optical dose:390mWx — on this 
condition, comprehensive light exposure is optical dose [ of 390mW ] x 0.92 seconds (illuminance: 
359mJ) for 0.30 seconds. 

[0061] PEB of a photosensitive ingredient, development, and a rinse were performed after 
exposure on this condition. Subsequently, hardening of a resist was performed on the same 
conditions as the example 1 of the minute dimension MLA manufacture for liquid crystal. The 
resist height at this time was 7.7 micrometers. The configuration was able to be manufactured 
according to the effectiveness of defocusing, without producing a special level difference. Then, 
the above-mentioned substrate was set in the TCP dry etching system, 02 was changed into 
0.9sccm(s) from 15.0sccm(s) among the conditions in the example 1 of the minute dimension 
MLA manufacture for liquid crystal, and dry etching was performed. Although the average etch 
rate of a substrate was a part for 0.55-micrometer/, actual ETCHINNGU time amount required 
14.0 minutes. The lens height after etching was 7.4 micrometers. MLA manufactured according 
to this example 2 was able to realize MLA with a focal distance shorter than MLA created by the 
example 1. 
[0062] 

[Effect of the Invention] In this invention, drawing to the photosensitive ingredient of mask 
BURANKUSU is divided into the drawing process covering the whole surface of multiple times. 
The amount distribution of light transmission and the sensibility property of the photosensitive 
ingredient of mask BURANKUSU which were searched for based on the three-dimensional 
structure design value of the photosensitive ingredient pattern which it is going to form are 
embraced. Since the concentration distribution mask was manufactured by the multistage story 
exposure approach of setting up the count of drawing for every unit cell, the analog mask which 
has the amount concentration distribution of light transmission in the direction of three 
dimensions at contraction optical-system exposure can be manufactured cheaply at high speed, 
without using special equipment. 
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[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the flow chart Fig. showing the concentration distribution mask manufacture 
approach of this invention. 

[Drawing 2] It is drawing showing multistage story drawing, and is a drawing pattern when (a) - 
(d) draws the drawing field of each time and (A) draws these 4 times of all. 
[Drawing 3] It is the sectional view of a unit cell showing the process of etching of a light- 
shielding film from the development and the rinse of drawn mask BURANKUSU. 
[Drawing 4] It is the sectional view of the unit cell which compares the approach of a quotation 
with the approach of this invention. 

[Drawing 5] It is drawing showing the unit-cell light transmittance arrangement which showed the 
example which divided the unit cell into the grid and formed light transmission concentration 
distribution, and (A) shows the example with which the unit cell of 30/100 gradation and (B) 
combined the unit cell of 60/100 gradation, and (C) combined the unit cell of 0/100 gradation, 
30/1 00 gradation, and 60/1 00 gradation. 

[Drawing 6] It is drawing showing the example of six kinds of unit-cell configurations. 
[Drawing 7] It is drawing showing the example of the unit cell arranged at the concentration 
distribution mask of MLA. 

[Drawing 8] It is drawing showing how to change the initial pattern, the amount of light 
transmission, or the amount of protection from light used as the origin of the increment in the 
light transmission field in a unit cell, or a protection-fronrHight field, or reduction. 
[Drawing 9] It is drawing showing how to increase or decrease the light transmission field or 
protection-frorrHight field in a unit cell, and when the unit cell of (a) is a rectangle, (b) is an 
example in case a unit cell is a forward hexagon. 

[Drawing 10] It is the outline block diagram showing an example of the laser light irradiation 
device used for manufacture of a concentration distribution mask concentration distribution 
mask. 

[ Drawin g 11] It is drawing showing the optical intensity distribution of the transmitted light when 

exposing using the concentration distribution mask of one example, and the cross-section 

configuration of the positive type photosensitivity ingredient pattern obtained. 

[Drawing 1 2] It is the outline block diagram showing an example of a contraction projection 

aligner. 

[Description of Notations] 

12 Mask BURANKUSU Ingredient Substrate 

14 Light-shielding Film 

16 Sectional View of Photosensitive Ingredient Pattern after Development 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 10] 
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ft* 5 xtt 6 Ktm.<om^^ * ? 

[»**8] KT©^f^ (A) (E) *£A, 

^xM&&mi±»<D%^m&x\m%fm&8:%.~r 

10 5^fy/, 

(b) (a) -e*?&*H]t*aiB««xi±jS* 

figjglcX^T, CAD±-c#Wt-fe/i'©tBHlHl«c, 3fe 

(C) xfyT' (B) lci9*fet.ixfcx-^(cK-^VN 

XWm-fb^T-y-?, 

(D) *3te&©^**:/?:^;*&£ftLT=ifcjc*ii 

- >l:Mt5 xry^ ft 
20 (E) Jtw«*tttm^*-^S:=y^>^l::J:o-CW 

[000 1] 

w»!it(ciiLT*5 9, affl$tt*a«f»»tu-ci±v #j 

[0 0 0 2] 

%tm<DBW;&nz>z.ktf*nbitix^Z> (#Bfl¥7-2 3 
0 15 9#^#, #$¥8-5 0 4 5 1 5#^fg*:# 
50 M) o 
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[000 3] JBUfffi^SWffi^OH^TclSat 

-->3V-^^jJ- (GM) ) ^ffl$tvTV>5 0 
[0 0 0 4] <&i$i¥8- 5 0 4 5 1 5^#(C|2®$tt 

LTftWjiia*^ 0 , a*JK*S/jf < x% 
0 0%©««©2«l»cJ:9«^$ix, ft 

$ tit i> - y<Dm^mm%\m v > 5 

5. zvm&xmt LTB^b*-^ (eb) jsun- 

[0005] WHSp 7-2 3 0 1 5 9 ffi® 
[0 0 0 6] 

immm&Lz o t-rzwm] #*¥8 - 50451 

t fcvMW* £ ©FbI ■C«3tttfl'Wcg;2l*sK* $ ft, fit 

[000 7] 4$gflsp7 - 2 3 0 1 5 9 flftftroflt 
fl^MU^* * ©Slit^fefi, «r«sp 8-504515-^- 

:|foi*»fF?#5, »g8&*#'>fcv\ *©®iff*fti:* 
y y hS:Wf5. L*»u :o*ttii, 

[0 0 0 8] -tr-C*l8Mtt, ±fBfC3KM«>mHjA«rff 
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ii^ii < «!fp-C# ^MJg*-&^tl«i-6 E. k & g W k f 
[0 0 0 9] 

fueoil $ IOC Cfdffi t * 5 J; 0 fcRj£3ftfcaate/<* 

20 [0010] 3t3te^'«^->'tt3feajg<B5>oWrBJK*t*s» 

tt/h**^03t*S|Hl»fSrigr.1-ii:1>4<, 
[OOlUSfc, ajt^^-i'tt^fifc-fe^Sr^y y K 

30 mi-t^±^kLxm^<D^tm^m.^Lx^^h<ok 

■tZZk tt?#5. -tO^, JtSii^0%t 1 0 0% 

[0 0 12] #*9!©*ffi$Mrv;* F^S© 

V^-C'^>J:V^L, ^ili^W(-S^LTV>Tt>J;V\ ^y-y 
40 Ko^/J^<t5rtm5»t, IBSco^fet 
LT^Fii^ (^Jx.«y>-y'A) {c+F^id^^rtoi/y 

fco^y y Ktrit^i: UTgefi-r^EttT'^-S. rco 

K»»itt^— y-'-t--A^«^iH (eb) (ci^ifes 

2(im, ON/OFFBfw^SSgSlO. 2 /imtU m 
50 tt^UyKI40.2(imX0. 2pmtfe5. 
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[0 0 13] *38W©*S£tf^**IB££8sW:s 

[0 0 14] iflAfcftKi&^-Si, SU& FrS©Hft 
5E«36Rtl-iWT*>ft*. droRW-fcS^t, jdft^-r 

:rtli4rtn r«Hia«Sr*aBtcia:^i-*j 
[0 0 15] #g##©[e]$c (fflg) tt, «*tttt*Ho 

rjstiMj t raaoN, offj riiffl-f 5©-efc 
s 0 rjfiiiHiSfrj t rtioN, offj -cfMW-rs.;: 

N, QFFttjW**yn^5A-C«55WKK«MSj|iiJ»*s 
[0 0 16] 

(^f^Sl) o -ffcfr*,, 9fa<0=ft7E^A»P,, 

[0 0 17] (B) JaX^o-fe^*ft:Xt«fl!*ttW»«> 50 



#M 2002-139824 
6 

5*f-yy" (*ry7°S 2) o 
(C) ±E»3£*nfc36»iflffi«Xf4J63t**S: r#y* 
y y Kj fcEfltLTCAD (Computer Aided Design) 

T?4Wfc»Siaft, MjftffA, tf-A&SrffWU r- 
^ftt5^f?y (*xy7*S3) 0 
[0 0 18] (D) xf-y? (C) (D^-^tcK-^ 
^^y^^iojBttttWtt&Mfe©*^ (ft 

(¥ffi-fe/Hc«toTf»Pilil*Sr*ft$-e:4) fit' 
I^fy/ Uf-^S4) „ :OXf77'li 1 02 

(a) ~ (d) &zti5&?\cpmvgffiw-rz>o i:x- 

li, t LT 4 [Bl{C^ttT»Pi^-rsm-g-^^ LTJ3 
^C0 4HIcr)5*5W^g^lHliCJt*lt»il-rSr. tlC«fc 

[0019] &®<Di&mitm 2 <D%±.\C%:WX7F&ixX 

\^x.otife&m^^x%\f—j*jL\tnfrU\f—j** 

M%L*mmcXteMlktik&L, ?V y KStc, rjjSfflo 
N, OFFJ £H«SP1- 5^ t{C±t>tT*5. «-0-Cttli 

[0020] wt-tA-rt ©3fcaa*aE<bii» rcf>,M> & 

«3Z»ci6]3S»o-C«flS-*-«j i^tfc^U ri£{£-fc/u£. 
y*y y %<D?}) y K£*5V^T3te»ifl*;4S* 

%£ 1 0 0%rof IBOlISr^-f r«t"Bjai8*S:^rf 5«p 
#J SrEH-*ifca«"C**. 0*9, 0%i:10 0% 
©+M©IKr*i-3KKi*» 0!lx.tf3 0%, 5 0%, 7 

[0 0 2 1] if 3 v K©^-jSfe*r/h*<i-Srt*ST§5 
OT\ Ee©*jfetLT^»J^ (^Jx.tfy>-y*i>.) 
^ii^Srfcoy-y y Y%&m.-?z>z. ttf^mt 

r**>^^E©ft*^^tSSAlcRSW'*^BK 

5. 

[00 2 2] KK%8il¥tf 0 % i 1 0 0 %<D<$ 

0. 2 Mm© 5 X 5 = 2 5 ©-tr/MCft-fil Lfc 

e, i, 30 %, 50% 70 %<d 5 apt©*iSia*sc. 
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a»WtCtt2 5X4.= 1 0 0KWCfcSo ^$19, 
na»W»S^b-Ctt, n- l^X'h^>o W£ 
■fe^ro^fPBR (^y y Kic) KJoTIWPIfiJM:*. JL 
W^!lT*f4, ifV y K&x (n-1) =25X4=100 

10 0% (G) 0 10 

7 0% 1 

5 0% 2 

3 0% 3 

0% (Mk) 4 

[0 0 2 31 H5-CU, (A) 3 0/1.0 OPtpO^fi 
-feA-i (B) 6 0/1 0 0pg|S8O^-fe/KD3t®j@^ia 
«5r^UTV^-5„ (C) (40/lOOPgf^ 3 0/10 
0|SgfE&tf6 0/1 0 0|^IBSrffi*-g-fc-a:it^JSr^L3t 

13 5 (D) T'fc^o fc*3; 0 5co#ij|4, SSLicSr*^*"* 20 

So 

[0 0 2 4] (E) TsT-yZf (D) T'ffilf^tlfcvx^ 

H3 (l) ©J:5fc*S#, 2IKfcm«i-Lfc«<0l8#«: 
*m^^-^<0ISfiB«mf4Bl3 (2) t*$ix5J:5»c 
S^cLfcDIff^^tofctOlC/iS,, 03T\ 1214 
T^^^y^^fflsfflS, 1 4tti&feB* (0!lx.fiC r 30 
MD , 1 6 att/<^-Wk$^cg!3t14TO©1it^«j* 

[0 0 2 5] (F) K^-fiyT-J'^XMtfl'at 
I,14l:ig?t5^f5'y (^T77'S6) o rw*^ 

4©Wig^tt, 03 

[0 0 2 6] *m^x=K7ffl 

y f- > iffeX'* * - > 5r±feS«tc:te^1- <5 e>« 
[0 0 2 7] £©$89!«:4*a¥8-5 04 5 1 5#&$R 
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iBWJtSrKW-LTV^. BP*>, §l#l<a#gref404tf>;£ 
{Iijcoigo.t 5 lc3tSiai:S:*2iia**s 0 % t 1 0 0 %<D 
&ytmz£VTi??/i'&)tzmk£ J £X\,^<D\Z.ttVX, 

ttW (0Ti4|^m^*LT^5;!>\ 03TWWL/tJ: 
04T\ ±«^Wiir/KDTOIll, TflO*sWfffiH-C*> 

■So 

[00 28] *fet/H^©)felig$Iftli, 0 3 
U 0 5 {CTjkVfzX. o {c, rWi-fe/uSr if y y Klc##] 

[0 0 2 9] #±©«3ttt»***©#S*fllfc K7-r^ 

i^wBiff mvmit, -rKfrhftmm&omtiz iota 

[0 0 3 0] ±IE«ffiil0i:ti«^^/u^-i4 v 
L"C*S<. -t LT> *(t-fe^©3t»iaa: (O. D.) Oil 

ytm^mftrnx'tey ^y&tmmi>x% 5 l, -and* 

[00 3 1] W±|CJ;oT, mw&nmjwx&xh 
w|all»f*s*# < . @Sfl:0^a!l*s|iLV\ *if©raJH^ 

x^-f 4 ss^* Sr^-r 5 ^ if zmi tmm*&mb 
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[0 0 3 2] 

immm] mmm) 

[0 0 3 3] 06 tcf4, ^«t-te/H^RSr«3E-f 
JBMKfcJfiXT* 1-ft*>*>» ftfcib^ftSffi^ 

< #&; **ittftirc«fifcsft5»£ft mm^mtm 20 

t 1" 5 R#(c(i, Jfctfcft/h £ ft-^&GDSMi-fc/w 
[0 0 3 4] El7tCf4, ML A M?nl/yX7W 
©m*LTV>i 0 (7) fi*<frgB#KBaH1-*lW£-tr 

5o 

[0 0 3 5] (T) ttMLA©«f'fo#tffc«tt'*-5fc 
fe, 9fa«>«?*tt*^e>*»*fti»J^tt"C*>5. ^©fcft 
KMRtt&l3:£&K& Lftv\, Lrt^ot, ^-)*C0Jti!J 40 

t-T-So Lfci J ot, MLA<OEgpSICjfi^<lvOnT"^ 
&©/h*4*ffi-fe/p-C«^L, Ky h"«Hfet>/hS < 1"5& 

LTV^,, 50 
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[0 0 3 6] El 8 14, ft*«fciJMfc-fcyi'rt0>3te»iaiHfc 

LT^S. (A) TiiWiir/KD**^ 
(B) -CttEgpSWV^H/iM^^^ffig^tv 

[0 0 3 7] 0 9(4, JtSrSiSI-SBaPSllJ (Crii*^ 

S„ @9 (7) ttHBte^t^'Cfd^iiaSr^l-^ft-c 
as>5^i:©W**bTV^5o -©flltt, fcSllMft-fc/UN 

fc, fc5tt«lftfti Ky h<Jo©«}*D*«fefe5v^tt«^ 

^-L^cSegLfc^fflEg^^^^-fc^ Ky h^rftl4^ 
fVwftfc <[>©■?*> 9 , *»WCttlE*«k:l»^**uS t> 
<DT*{4ft<, H£l^»#«T't>m>ftv\ 

V\ 13 9 (-< ) (4¥{i-fe/^ 5 iEA^^(D®-&<?5^J^L 
-CV3. £<D»£»4» *HH»-e*£;ftS Ky >(4P3T-fe 

[0 0 3 8] 0Klf4^L-CW.£V\as, JSBNfOU'— 

©»«-et>«3€**^r*-C*>S ? U--*F-CD#£-KI4f=ppT 

1-5«gftfi J ^T^^-t-5r£5E1--5dtlc:4oT, 

j|lS®©#&tcf4*D5imJISr^S1--5^i:lcj;o-C£M 

[0 0 3 9] *fc»W$<Pj&j&a!£{4, tf-A^Klrffi 

t (o Baffin v \ t'-Aii^ # v >b#{c \tm&m * 

© JE JStt * S i*aSTi4ft i/ iH v ^^-tc (4fiS fc ft 
5, ^^$^M1--5r<!:T*WTffiff^^)tib^tc1-5 
rt^pj^tftS, ^^SI$<o£5!f4, WrflSJe«^»«« 

[0 0 4 0] («flMtf|iT;**©Wffl-) ?^PVyX 
©PSFflRI^PS , 9 ft < »Kifi^rtfclft/htry^ML A© 
^JSr^1-» JKS^o^i^^fflMLAJCioV^, 0. 
9" -XGAffl<Dli^-l'X{4, 1.8(imX18(imf 
fcSo -roMLAl-t5V^T(4, ^^X(DWfJiC# 1 ^ m 

LA®8((4, 1 7X 1 7/1 8X 1 8 = 2 8 9/3 2 4 
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= 0. 8 9 2 MLAX'±X<Dyt*G$)KMyt1r 

3 r. t x t> 8 9 /■?— t > h ©«3tS**t? 

V\ SP*>, MLA<0*^aJ©B5S{Sr/hS<i-5^i:iS 

[004 1] l/5« OR*©) ^fy^ 

yW^- ^T|-fe(i, 9 0(imX9 0)imtfc5. -©1 
{@©ML AS: 3 . 0/im©*ffi-fe/HC^-fiJLi^X«=3 

0X30 (fi) =900 (fl) ©Wi-feyw{c^fi|-t-So 

[0 0 4 2] fcfc, t*a©2.X2m<t-feyl> 
•7^ ^ISM-?^ ^ 6 m m X 6 (i m, H8g©'< 

? — 2(imX 1. 2*tm) (Cfi-fe/WN o . 1 # 

tt-fcyUNo. 8 OS o A® 9 L) &ffitt-f 
5. ;.©fa1©No. l~No.8 0©t;H:ii, £• rpg 

MLAitS^^X^^S^-7^^©CADx-^5r 

[0043] **©k«o ±ie©j;5k.l 

x^tysiCADx-^Srig i oic*-t-u— if-atRM* 

h«»jc»iiiS:tf*oyt 0 r©i^— if-ftii 

!t-m, 0fS©»^lcjESCT*ji©lf-A^S:^ 
£^T*£5 0 4 ft, if— /<!7— tt v U-f-'-ICfltjjg 

[0044] si i o t^-t- \s~y-%!mmmtt> 

If-Tfe^SM 1 , i'-if-3te««SB 1 *>6© u— r 
-**«»© w-1f-ftte#fW-5 A* :/y y*- 
2, r-5t©3feKSrKf9ftlf5 5 7-3, $7-3 
-CW9*(f feftfcu— !f-**«»li-«*«»IS4, 7 
- * d» ib ©fB#tc «t 9 ft$M8 4 fefflftl Ltfi* © 
i/-f-)t©ON • OFFSr$iJp-rs^|S3{&J^fi 

*-ip]ic#K)-t-sx-Y^7-v j 8, afemc3t<iiB)^6© 

£ X - Y * T - v 7 8 <DWift*mm-f 5 #J»g|B 9 * 

[0 0 4 5] i©U— J»-*JiM«S«l4, Ktl-7-*fc. 
fSCtX-Y^f-ysOl^i, (@/r©l — • if— #©' 
ON • OFFAtfflllnl«HH#f'6r &fCJ:9, 
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§5 (AFfltt) #f*JRL.T*3 9, AFS^felMcf P> 

[00 4 6] !f- tf-A^fi*HliS01jT-fiiE^O. 
2/ira, ffififo^-arlf^O. 0 5/im, MAteSttAO. 
1 m-Cffofc, fiSM^©U— If— '<«7— ©/J^J^&a? 

io s<v-x±&mytLtcm^ mHz.&Kxji\z.&g?m 
ft* 2«, 3«, 4atm^B)t mmrnm) r*. 

« s w t -r 5 st a k «t 9 a a 4 1> © SraW-t-tufi J: 

[0 0 4 7] ±IH©<t5l-L.T^b/-cCAD7-^^ 
EI 1 0 Lfc !f— ftlf.atlgglc^ >-^. 

X-Y^7— i?t tf-)t©ON • OFFStJ'K' 

It. Z<0®. K7-Y^y^>-i/(CTC r^©/^--V 
^Srff^ofco ^-^f-t < •-A^^fi®*•ifeSrffi^^, t'-A 

I/-if-t'-A»lj^filffi®^(DE^5 0. 2 v m 
30 0. 5 M mJ;tj/h$</<C^i:f¥mtt/!i s S<^5©lClt'< 

si:, ratt^Mcintv^. fib, *^ig^T* 
tf--et.m^$»iB-cfcHfL-e#3o 

[0 0 4 8] rmfgjMij ©^»l(4W4-fe/W©^i^ 

to, tf^SfcttW-c^SM-s 3. i^T©*: 

•tf-«W^^^LTV^<^5S;) Srfflv^tCAD^ 

[0 0 4 9] (»«^-r^^»f^©^fr«) 
T, hffl©TGMR-9 5 0BE (JKM 

(DMm^zxmmomiL^/u^tb^m^ h-ck 

50 fpfnifJ:V\ ifC»4«iMS:fai*K-fS/tftK: % jE^ 
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[o o 5 oj S'Jj£fflJcL-Tfc3 r^ft/w^-yN 
jWiCr^-yj »• r*fIIiCrlfMj ft 

[0 0 5 1] »«^-r^^**!f^i-SfcftK, 
7*S«-hl^J;U2l 5 0nmS$OCrMMU 

&BB4tU8iB&fTfcofc. -t©«, mftty^Sra-C 
F/^-y*xyfy^x^ t L"CC r lg[£r K^-C^ 

[0 0 5 2] m#±a s ofc»«#nrr*jJ'Wu 03 20 

B 5 \ctf Lit J; 5 V v F<o%%iT&i$£ik&yyyj> 

Ltch<DX'hZ a 

[0 0 5 3] ^W<t?^S^*^^^SrfflV>T@)t& : 
*»*tt«f < , ^HIH5T*# < * 5 <fc 5 

iisf/-? ; ?-^»fB^(i4 , *^-e«< , mm&x-w< ft 

ofcibttJrftS. 

[00 5 4] (»jBJB»/h-+ifcM L A«f£<&JMWlJ 1 ) 

m-*x*zm*<\ a 1 2 K*i-iB/hK»«3tStt a/ 
[0055] *i\ ^©iiB/j^arjtKBottwsrfTft 

5. 3t^7^3 Oa^cDftfi, ^)tuyX3 ltdit) 40 

-^^^ 3 2&8ifll,fc#tt:, III/JvflMs©jBft 
yyX3 3KAWU ^f-^3 4±ictIJ^fc3tf 

W3 7 5:®et7tXr-v J 3 4 fit, 

5, 3 eoftumcfciK »y>X3 37feW{rii:si-5 

f*/<-f«ffl*W3 7tf>{£@&, igtwyX3 3©#ttlfc 
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[0 0 5 6] »yyX3 3IC<t?,-7^ 2 5' 3 2<Dlfi/Hfe 

mcfrtz -o X WTft o . i|£ J.T'n v^i * * IBM L A £ 

5 0BE^ h^8. 5 6 /: m 
©ff Lfc. fttc^-y hT'W- hT, 10 O'Ctc 

X^-^B#Ffl 1 8 0#T'7°y-<-^ Lfc 0 
[0 0 5 7] wOSSSrlHl 2©l/5^rj/y<- X*M 

®T7*-*^ : + 4 Aim, ftfWft : 3 9 OmWX 
0. 4 4# 

©7*7*-*^ : +2 /xm, ftff.Wi; : 3 9 OmWX 
0. 4 4# 

(3)f7t-*^ : +0/im > JtfiSKl: : 3 9 OmWX 

0. 1 3# 

«Wl3 9 0mWX 

1 . 0 2f> : 3 9 4 m J ) Trfe*. ' CT\ r7 

±#l- & -5 " t £ EB* t T ^ 5 „ 
[00 5 8] ZL0>&f*-C*#SK P E B h • a* 

^zK-v 5 ^- • £6 0'C(CT 1 8 0g>||J6L 

fxftofc. ^^ib^ftfi, y^ ho^Ttic^ffl-r 

[0 0 5 9] t(Df, ±Ei«^TCP 
7X7) Ky>f ij-fy^SIKty h L, : 
1.5X10"' Tor r, CHF3 : 5.0sccra, C 
F 4 : 50.0sccm, O2 : 15.0sccm, 
4T*mt> : 6 0 0W, ±lfi5ttffi*71 : 1. 2 5 kW> 
£K?^Vffl£ : - 2 0t:w^{tTT' K7^f ^y^Vj/* 

73 «rft»spttiii»b s -s\ mmmit t mcmtRit $ < 

ft 5 «t 5 i-^JE bft *s & 31 y ^yyzftte-vtc, StK© 
¥M3^y 1 ?yyi&&tt* 0. 6 7 um/ftXhitctf y 
URO^y^^v^NPMtt, ll.O^SrBLfc. ^-y 
f-Vi/^©W>-Xi^$tt N 5.3AimT*fcofc„ 
[0060] («Efiffl*/J^-+«feM L AKtfs© AfMfl 2 ) 

^r-Ctt^B^coMLA^SS^bfc, ±E©iSaffl 

m^mu l A®}jt© 1 1 m cm&&^ * * m 

HLTtfftofco. &<Di5ftS^#®*^©Sr]gi^L 
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(Df7t-*^ : +3 fznu ftHB&ffi : 3 9 OmWX 
0. 1 6g> 

©r7t-A^ : + 2 #881*4 : 3 9 OmWX 
0 . 2 3 fj> 

®f7^-*^ : + 1 a nu ftHBI**; : 3 9 OmWX 
0. 2 3# 

©T7t-*^ : +0(im, ftl^ttfc : 3 9 OmWX 
0. 3 OfP 

»^«**«:, 3fclfJt*3 9 OmWX 10 
0. 9 2fj> mS. : 3 5 9m J) X'hZ. 

[0061] io^tt-egjfel, PEB, 
AtHfrOftffcfcl 1 iBCfttt-ei/^ hO/N-'K=y^ 

s r t ;te < HMfc$r»fH-a r. i fc. to^ > ±ie 
IfiiSrTCP K7-<x y f y^gfct;/ m ffi&ffl 

1 5. 0 s c c mi>?) 0. 9 s c c m^f Ky'f ^ 20 

0. 5 5^m/^ffeofc^ iSOi^Vy^ffl 
ft, 1 4. O^^Lfc, ^y^V^cDI^VXii^ 
ft, 7.4nmf$)ofc, Z<DM;foM2iZ£-oXmftV 
tcM LAB, &$0!| 1 -Cffofc bfdM L A «fc 9 t>ffi£EK 
»^MLA 5 £ t tf* T* t fro 
[0 0 6 2] 

*t»^©*SBSr*»ia©±iS(c*>fc5ISiiiXSt^W 
[0ffi<Df853iftt&9U 
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[mu *%w<Dm&#*i-?x*mmiim*:7Fi-7v 
[02] #apifliiBS:*i-Bi-e, (a) ~ (d) »±# 

[03] ffiiS£ftfc-7.x^7 f 7^;*cD3?.& • y 

©i s/ ^ > ^oifiSr^-f mtL±;v<D WB0 

[04] 3l«f!|0*ife4:3|c38W©*fe«:JtiSEi-5mtt-fe 
/KDfr®0T'*>-5„ 

[05] mtL-tfr*? y y K LT3tei8«*£# 

Xh<9, (A) f43 0/1 0 OfgH©Wt;K (B) 
(46 0/1 0 0RIW©P(t-fe/K (C)f40/l00P» 
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